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FAX RECEIVED 

TRANSFER ROLLER WITH RESISTIVITY RANGE FEB 1 6 2006 

^r^^r^y^ OFFICE OF PETITIONS 

BACKGROUND OF THE INVENTION 

High speed electiographic engines preferably use roUer transfer to 
5 move a toner image ftom a charge retentive didectiic member, such as a 

photoconductor, to the receiver, which is usually pap«r or transpansncy material. 
Corona wire devices are also used for transferring toner, but the performance of 
corona transfer is inferior to that of roller transfer, particularly at high speeds. 
The transfer roller is a conductive, elastomerio roller thai is biased to a polarity 
10 opposite the toner polarity. During transfer, the front surface of the receiver is 
brought adjacent the toner image carried by the photoconductor, the roller 
contacts the back surface of the receiver, and the ima^e is tiansfcnrod to the fiont 
surface of the receiver by the electric field produced by the transfer roller. The 
area of contact of the transferioller and the receiver is described as the transfer 
IS nip. 

An adjustable constant current supply is preferably used to 
produce a constant charge density on the receiver. This results in a constant 
electric field for transter independent of the receiver thickness. Toner with 
higher charge requires a higher charge density on the receiver and greater 
20 transfer current. The electric current setpoint of the constant current supply is 
adjusted appropriately for high charge tonci or low charge toner. Faster 
process speeds also require proportionally higher current to produce the same 
surface charge density. At high output currents, the current supply operates at 
high voltages. 

25 Dicing transfer, as a point on the roUer rotates toward the paper, 

charges must be conducted to the outer surface of the roller. If the roller 
resistivity is too large or the time interval for approach and passage through 
the nip is too short, a high voltage is required for the constant current supply to 
apply the necessary diarge density to the receiver, resulting in a hi^ voltage 

30 on the roller surfece and producing iouization defects on the image. This is 
particularly a problem for high toner charge to mass ratios greater than -30 
p.C/g and at high process speeds greater than 17.5 ips (110 PPM). 
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Prior art indicates that a minimum surface charge density is 
teqmredfor unifoim transfer of toner. High speed processes provide less time 
for this charge to be applied and for toner transfer. Prior art suggests that 
increasing the transfer current for high speed processes to apply the 
appropriate surface charge density will result in uniform toner transfer. 
However, we found that increasing the current with the prior art transfer roller 
did not solve the problem for high speed processes without introducing 
transfer defects, and another solution had to be found. 



10 



15 



20 



SUMMARY OF THE INVENTION 

The invention provides a new roller with defined resistivities as 
a function of the operating speed of the machine and of the transfer current. 
The invention is also a method of operating an dcotrograpWc machine by 
selecting the resistivity of its transfer roller as a fimction of the speed of the 
process, the required transfer current, and the dimensions of the transfer roller. 
In one embodiment the transfer roller has a resistivity ranginsfrom 1 Ox \(f ± 
0.5 X 1 0" n-cm to 0.65 x 1 o' ± 0.32 x lO' Q-cm for a receiver travel speed of 
between 1 5-20 inches per second to 30-35 inches per second. The corresponding 
currents are approximately 45 nA al 1 5-20 inches per second to approximately 85 
HA at 30-35 inches per second. The method of the invention is used to operate an 
dectrographic reproduction machine at a high speed. The method transfers toner 
ftom a toned image carrying member to a receiver sheet. The transfer roller 
receives a cinent that provides charge to the roller for transferring the toner fiom 
the toned image carrying member (photoconductor) to the receiver sheet. The 
25 roller is fashioned from any suitable material. The resistivity of tiie roller is 
adjusted to fall in a range of values dependent upon the operating speed of the 
machine. For speeds in the range of about 1 5-20 inches per second, the resistivity 
is chosen to be about 1.0 X ± 0.5 X lO' a-cai with a current of approximately 
45 ixA. For higher speeds in the range of 30-35 inches per second, the resistivity 
is lowered to about 0.65 x 10« ± 0.32 x £1^ and the current is increased to 
approximately 85 mA. The values ofresistivity and ofcuticnt can be scaled to 
other speeds and rnller dimensions by those experienced in the ait. 



30 
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DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a transfer station. 

FIG- 2 is a graph of roUer resistivity as a ftmctinn of process 

speed. 

FIG. 3 is a graph of voltage as a function of current output 

measured at 210 PPM. 

FIG. 4 is a schematic representation of an electrographic 

machine. 



DETAILED DESCRIPTION OF THE INVENTION 
RefCTfing now to the accompanying drawings, FIG. 4 
schematically illustrates a typical reproduction apparatus 1 0. of the 
electrophotographic type, suitable for utilizing an exemplary roller transfer 
15 assembly such as shown and described in US. Pat Nos. 6,097,913, and 5.101,23» 
whose entire disclosures arc incorporated by referenws- The reproduction 
apparatus 10. described herein only to the extent necessary for a complete 
understanding of tfiis invention, includes a photooonductor (charge member) 
reiciiUve photooonductor 12 that carries the toned, developed image. The 
20 photoconductor 12 is, for example, in the form of an elongated endless web 

mounted on support rollers and movable about a closed loop path through a series 
of electrographic process stations in the direction of the arrow A. 

In the reproduction cycle for the reproduction apparatus 10, the 
moving photoconductor 12 is uniformly charged as it moves past a charging 
25 suiion 14. Thereafter the uniformly charged photoconductor 12 passes through 
an exposure station 1 6 where the uniform charge is altered to form a latent image 
charge pattern coiresponding to information desired to be reproduced. Depending 
upon the characteristics of the photoconductor 12 and the overall reproduction 
system, formation of the latent image charge pattern may be accomplished by 
30 exposing the photoconductor 12 to a reflected light image of an original document 
to be reproduced or "writing" on the photooonductor 12 with a series of lamps 
(e.g., LED's or lasers) or point electrodes activated by electronically generated 
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signals based ojj the desired infoimation to be reproduced. The latent image 
charge pattern on the photoconductor 12 is then brought into association with a 
development station 1 8 which applies pigmented marking (toner) particles to 
adhere to the photoconductor 12 to develop that latent image. After d«svelopment. 
the image is erased by a lamp 19 adjacent ihe back side of the photoconductor, 
which miniraizes the difference in voltage between areas of the photoconductor 
coated with toner particles and areas that aie not coated with toner particles. Here 
the back side of the photoconductor is the side that is not developed with 
particles. After erasure, the photoconductor 12 is at a low voltage, such as 0 V to 
50 V. Other means of produrang h nearly uniform voltage on the photoconductor 
12 can be used, such as controlled li^t exposure to the front side of the 
photoconductor 12, or corona charging the toner-bearing and non-toner bearing 
portions of the front side of the photoconductor 12. in this case, the voltage is 
approximately nnifonn and non-zero. The portion of the photoconductor 12 
15 carrying the developed image then passes by a supply hopper 22 along the path P. 
A iweivcar sheet 8 is withdraw from a hopper 22 ond is registered with the 
developed image. An electric field produced in the transfer station 20 attracts the 
marking partide of the developed image from the photoconductor 12 to the 
receiver member. 

20 The electric transfer field may ako cause the receiver member 8 to 

adhere to the photoconductor 12. Accordingly, a detack mechanism 24, 
immediately downstream in the direction of travel of the photoconductor. is 
provided to facilitate removal of the receiver member from the photoconductor. 
The detack mechanism may be, for example, an AC corona charger for 

25 neutralizing the attracUve field holding the receiver member to the 

photoconductor. After the developed image is transferred to the receiver member 
8 and the receiver member 8 is separated from the photoconductor, the receiver 
member is transported through a fusing device 26 where the image is fixed to the 
receiver member 8 by heat and/or pressure for example, and delivered to an 

30 output hopper 28 for operator retrieval. Simultaneously, the photoconductor 12 is 
cleaned of any residual maiking particles at cleaning stsHon 30 and returned to 
the charging station 14 foT reuse. 



02/16/2086 



15:22 585-477-1148 



EASTMAN KODAK/PATENT 



PAGE 13/44 



The fusing station 26 includes fiiser roller 60 and support roller 62. 
The receiver sheet 8 passes between ftising roller 60 and support roller 62. The 
toner material earned by the receiver sheet is then permanenUy fixed to the 
surface of the receiver sheet 8 by the temperature and pressure provided by fiiser 

5 roller 60 and support roller 62. 

This invention comprises an improvement in the transfer station, 
and, in particular, an improvement in the transfer roller. The new transfer 
roller has preferred resistivity ranges as a fimction of process speed and of the 
dimensions of Ae transfer roller so that the required charge is applied to the 
10 receiver, bias voUaues are low, and pre-nip ionization and post-nip ionization 
are minimized. The transfer roller is shown in FIG. 1 . Transfer roller 210 at 
transfer station 20 is shown connected to a voltage limited constant current 
source 204. The level of voltage and eun^t is controlled by a central 
processing unit CPU 202. The roller 210 has an inner roller 212 of steel or 
1 5 other highly conductive material. The outer roller 2 14 is a polyether- 

polyurcthane composition. With the irimsfer roller 210 in operative a.«ociation 
with the photoconductor 12 (i.e., nip relation), ionization current is divided 
between the pre-nip and post-ntp regions. Charge can also be injected in the nip 
R^on if the surface of the transfer roller is rough. Under normal operating 
20 conditions, virtually all of the ionization occurs in the post-nip region 220 for 
effective transfer of the maiking particle devdoped image from the 
photoconductor 12 to the receiver member 8. A small amount of pre-nip 
ionization can be tolerated but must be regulated to prevent image transfer 
defects. For the preferred resistivity range, most of the transfer current is ^lied 
25 wjtfiin the nip and at the trail edge of &e nip. One side of receiver sheet 8 

contacts the transfer roller 210. The other side of the receiver sheet 8 contacts 
the toned image on the photoconductor 12. The charge on the back of the 
receiver sheet attracts the toner from photoconductor 12 to the receiver sheet 
8. The charged receiver sheet retains the toner and the sheet 8 is sent to the 
30 fuser where die image is fixed to the sheet 8. 

The transfer roller 210 used in the Digisource 91 10 has an outside 
diameter of 1 .000" on a conductive shaft of diameter 0.500", resulting in an 
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elastomer thickness Of 0.25". The nip ^adtb is approximately 0. 1 25«- Thel" 
dianieter elastomer section of the roller is 14.5 inches long. At 1 10 PPM or 17.5 
ips, rollers with nominal resistivity on the order of 1 .0 x lO' ohm-cm are used 
with current of approximately 43 microamps for toner with charge-to-mass- 
5 ratio of approximately -30 nC/g at toner coverage per unit area of 

approximately 12 g/m' For a transfer roller approximately 14.5 inches in 
length, a surface charge density of approximately 2.75 x 1 0^ C/m^ is appH^d 
to the receiver. Experiments showed that adjusting transfer current 
proportionally with speed, acceptable results were obtained with a nominal 
10 roller at 150 PPM (pages per minute) wiili current at approximately 60 

microamps using toner with charge of approximately -30 jiC/g- However, at 
210 PPM or 33.4 ips, with transfer current increased proportionally to 
approximately 80 microamps, increased mottle was observed in solid areas of 
high density. As such, increasing lh<J coirent does not solve the problem of 
15 toner transfer at high speed. However, we found that at the speed of 210 PPM. 
a roller with resistivity of 0.62 x 10* ohm-cm resulted in good results (low 
mottle) at currents of 60 to 80 jjA. FIG. 2 shows a preliminary plot of 
recommended roller resistivity vs. process speed. Supply voltages and current 
for the two rollers are shown in Table 1 and FIO. 3. Calculated surfece 
20 voltages at the nip for the rollers aie^^shown in Table 2. 



Table 1 : Supply Voltage vs. Cuireut at 210 PPM 


Current 
(microamps) 


Voltage for resistivity of 
l.Ox lO'O-cm 


Voltage for resistivity ot 
0.62 xlO? O-cm 


40 


800 


510 


60 


1120 


720 


80 

- 


1440 (calculated) 


1100 (actual) 930 
(calculated) 



Higher speeds require proportionally lower resistivities because 
25 the lime of approach is smaller. The time of approadi is defined as the time 
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interval for a point on the roller surface to move into contact with the receiver 
from a distance of approximately twice the thickness of the roller blanket, or for 
a point on the roller surface to rotate toward the receiver through an arc of 90 
degrees, whichever is less. Resistivity is measured on an iincoated 0.25" ASTM 
) D-2240 test slab after 1 2 days conditioning at 70 degrees F, 50% RH. The 
resistivity of finished rollers is measured on an equivalent test fixture with an 
electrode that fits the rvUer surface. All resistivities plotted in this disclosure 
were measured on finished rollers. 

Table 1 and FIG. 3 show that, if cuirent is extrapolated to zero, 
0 supply voltage is greater than zero. This is bdieved to be duo to contact 

i«si.^tancc at the roUer surface and the receiver interface. For the roller used in 
this experimentation, the supply voltage within the applicable current range for 
transfer can be approximately described by V - Vo i iR .o,, where Vc is the 
voltage extrapolated to zero cunent, I is the current in amps, and Rtoi is the 
15 resistance in ohms, calculated liom the slope ofthe data in Table 1 and FIG. 3. 

The lesistance Rxot includes comributiuus from the roller, receiver, and charge 
member. 

Higher speeds require proportionally larger currents to apply the 
required surfece «*arge density. For example, scaling the current of 45 
20 microamps used with a 14.5 inch length roller at 17.5 indies per second results 
in a current in amps at speed v given by 7 .0 x 1 0'" vL. where v is process 
speed in ips (inches per sucoxid) and L is roller length in cm. Taking into 
account variation in toner charge to mass ratio and coverage, the required 
current in amps is approximately given by 1.94 x lO"** vL x [toner charge-to- 
25 mass ratio (JiG/g) x toner area covenige (g/m*)]. 

If a roller with resistivity suitable for lower speeds is used fbr 
operation at higher speeds, the supply voltage must be increased. This can result 
in hi^ surface voltages on the roller that can produce image defects. Lower 
roller resistivities are preferred so that lower supply voltages can be used for the 
30 appropriate cuirents, with the result that the potential on the roller surface before 
altering the transfer nip and after exiting the transfer nip is small enough in 
nuignitiide that electric breakdown is riiinimized. At 760 torr atmospheric 
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pressure, a surface puienUal less than 350 V, a«d preferaWy less than 300 V, is 
required to minimize breakdown to adjacent surfaces. Depending on the 
configuration of the i^oduction apparatus 1 0, the surface potential of the toller 
can be referenced to ground potential, the potcatial of the surface of the 
photoconductor, or the potential of the adjacent surface of the receiver. For the 
case of rear erase wilii lamp 19, the surface potential of the transfer roller can be 
referenced to ground. The voltages at which b«:akdow« occ^ «re well known in 
the art 

The preferred resistivity is of course dependent on roller 
dfanensions. Hie transfer roller 210 used in the Digisouxcc 9110 has an outside 
diometer of 1.000" on a conductive shaft of diameter 0.500", resulting in an 
elastomer thickness of 0.25". At 17.5 ips process speed, the time of approach is 
0 045 sec, and at 33.4 ips, the time of approach is 0.024 sec. Rollen. with thicker 
elartomeric. l.yers require proportionally lower resistivity for the same kind of 
15 approach. 

The voltage on the roller surface at the nip can be estimated as 
follows. As the roller rotates, the region of the roller approaching contact with the 
receiver begins to conduct before that portion of the roller actually contacts the 
receiver. Between the initiation of conduction in a region of the toller 
20 approachingthempandpassaeeofthatregiontbroughthenip, forapointon 
the roller surface, the time of approach is approximately the time for that point 
to rotate into contact with the receiver and through the nip ixom a distance of 
approximately half the roller diameter ftom the exit side of the nip. This 
distance is the length of approach. At 17.5 ips process speed with a 1" diameter 
25 roller, the time of approach is 0.029 sec. and at 33.4 ips, the time of approach is 
0.015 see. For different gei»metries. such as transfer belts and wider nips, a 
similar time of approach and corresponding length of approach can be 
estimated. 

The volti.ee drop across the transfer roller at the nip is given by 
30 V>^cb-IRApp««ch, wher« I is in amps and is approximately given by 

[elastomer resistivity (ohm-cm) x elastomer thi<*ness (on)] / [length of 
approach (cm) x roller length (cmt)]. Tbis equation for K^^t, approximates 
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the region in which conductivity occurs as the roller rotates as a rectangular slab 
with one edge at the nip exit having constant current density. The voltage at the 
roller surface, Vs^^ shown in Table 2, is given by supply voltage Vs»ppiy minus 
this voltage drop, and is calculated using values for current and voltage from 
5 Table 1 and FIG. 3. 



Table 2: Surface Voltage vs. Current 



Current 
(microamps) 


Voltage for resistivity of 
l.OxlO'n-cm 


Voltage for resistivity of 
0.62x10* n-cro 


40 


257 


173 


60 


305 


215 


80 


354 


257 



GmeiaUy, current can be scaled with process speed and width to 
apply an aim surface charge doisity. For ton«a: having charge of af^ximately - 
10 30 }XC/g and coverage of 12 g/m^ and for the case that the portira of tiie receiver 
covered by toner is between 6-12% of the area of an 8. 5" x 1 1" sheet, the curve 
shown in FIG. 1 corresponds to the following empirical rdationship: 

I = 7 X lO** vL 

15 

where cuirent is in amps» v is process speed in ips (inches per second) and L is 
roller length in cm. Taking into account toner diarge and coverage, 

I = 2 X 10"'** vL X [toner charge-lo-mass ratio (jxC/g) x toner area coveroge 
20 (g/m^)] 

For the aim cimvail, the preferred roller resistivity is given by the solution to the 
equation 
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whcic VjjTtak i3 referenced to adjacent smrfaces. 
For systems with a time of approach, 

If the voltage drop across the roller is ohmic, 
If the relatioiisbip between supply voltage and current is linear, 

15 Apptojcimating Ra^i, as a rectangular slab of resistivity p, 

Vs««iv -Ipi/d.upP'^^ lengili)xL):s VB„:dt 



10 



or 



20 



Vc + IR-n« - Ip^/((app«»ch length)^ l) < 



25 



I is current in anip-s p is resistivity in ohm-cm, / is blanket thickness in cm, 
approach length is in cm, L is the length of the elastomer on the roller in cm, 
voltage is measured in volts, resistance is measured in ohms, and VB«ak is the 
approximate breakdown voltage, here taken to be approxhnately 300 V or 350 V 
in magnitude. The roller surface at the nip entrance or nip exit should be within 
350 V and preferably within 300 V of the receiver surfece voltage, or of the 
photocoaductor surface voltage, or of ground. Both Vc and Rto. depend on p and 
receiver parameters. n»e vakies of p satisfying these ecpiations are best 
30 determined by experimentation and iteration. Rollers with thicker elastomeric 
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layers require proportionately lower resrivity for the same kind of ^roach. 
Longer rollers require greater current. Resistivity should be chosen so that 
Vs^rface is large enough to drive cuirent flow to the receiver, but Vsurfaoc referenced 
to adjacent surfaces should not exceed Vp^k. The transfer roller generally 

5 operates at high surface voltages near breakdown. If Vsuppiy is greater than Vsreak 
and p is too low, pre-nip ionization can occur at a level that creates image defects, 
in this case, the time of appruadi or tlic length of approach should be decreased 
by geometry changes, KApp^h should be increased by geometry changes or other 
means, or p should be increased. The resistivity p must be within the limits of 

1 0 this disclosure. The foregoing can be applied by those versed in the art to 
rollers, belts, or other configurations having a time of approach or a length of 
approach. 

A more complete description of iho rotating roUei/nip geometry 
includes capacitance and the RC time constant of the roller. Capacitance is 
15 strongly dependent on geometry. For rollers of the same overall dim«sions, 
capacitance can be assumed to be constant as resistivity, voltage, or process 
speeds are changed. Resistivity of the elastomer is measured on an uncoated 
0.25" A5TM D-2240 test slab after 12 days conditioning at 70 degrees F, 50% 
RH. The resistivity uf fmishcd rollers is moasored on an equivalent test fixture 
20 with an electrode that fits the roller surface. All resistivities plotted in this 
disclosure were measured on finished rollers. Resistivities and cunrents are 
generally held to tolerances of i A SO'/o. The resistivity of 0-62 x 1 n' ohm-cm for 
apolyether-polyurethane roller formulation (Winfield formulation W734) is 
obtained by 1.2 weight % of PIP antistat (Eastman Kodak CIN# 10056008). For 
25 the 1.00 X 10' ohm-cm formulation, 0.55 weight % PIP is used. PIP increases 
the conductivity of the roller and lowers its resistivity, Other conductive 
materials may also be added or substituted for PIP in order to alter the resistivity 
of the transfer roller. Greater antistat concentrations and lower resistivities are 
preferred because they increase roller life. Rollers fail due to increase of 
30 resistivity with usage. The foregoing. can also be adapted to negative or positive 
charged toiiw^. This invention con be used with intenneHiate transfer rollers as 
well as with transfer rollers. This invention is applicable to technologies using 
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the tronsfcr of powders or layers of powders to surfaces, including 
electrophotography, ionography, or powder coating, without limitation. 

Those skilled in the ait also understand that flie resistivity is a 
material chaiacteristic. The overall resistance of the roller depends upon its 
5 dimensions including its thidcness and length. The fiwmula for resistance is well 
known as: 

R »> p X length/cross-sectional area 
For ti ansfcr rollers, the length corresponds to the thickness of the elastomeric 
sleeve and the cross-sectional area corresponds to the portion of the surface area 

10 of the elastomeric sleeve where current flows between the transfer roller and the 
pholuwnduotor. Thus, longer rollers wUl have less resistance than short rollers 
because they have a larger cross-sectional area for current to travel over and 
rollers with thin elastomeric sleeves will have less resistance than roller with 
thicker sleeves beeause the length of the cuirent path is shorter. For high speed 

15 processes, the invention lets the manufacturer select a transfer roller with a chosen 
resistivity that optimizes tona transfer at the high speed. 
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